. Medical record, insurance claim, and mortality records were linked via the Virtual Data Warehouse, a federated data system at each site. KEY RESULTS: Nearly all individuals received health care in the year prior to death (83 %), but half did not have a mental health diagnosis. Only 24 % had a mental health diagnosis in the 4-week period prior to death. Medical specialty and primary care visits without a mental health diagnosis were the most common visit types. The individuals more likely to make a visit in the year prior to death (p<0.05) tended to be women, individuals of older age (65+ years), those where the neighborhood income was over $40,000 and 25 % were college graduates, and those who died by non-violent means. CONCLUSIONS: This study indicates that opportunities for suicide prevention exist in primary care and medical settings, where most individuals receive services prior to death. Efforts may target improved identification of mental illness and suicidal ideation, as a large proportion may remain undiagnosed at death.
BACKGROUND: Suicide prevention is a public health priority, but no data on the health care individuals receive prior to death are available from large representative United States population samples. OBJECTIVE: To investigate variation in the types and timing of health services received in the year prior to suicide, and determine whether a mental health condition was diagnosed. DESIGN: Longitudinal study from 2000 to 2010 within eight Mental Health Research Network health care systems serving eight states. PARTICIPANTS: In all, 5,894 individuals who died by suicide, and were health plan members in the year before death. MAIN MEASURES: Health system contacts in the year before death. Medical record, insurance claim, and mortality records were linked via the Virtual Data Warehouse, a federated data system at each site. KEY RESULTS: Nearly all individuals received health care in the year prior to death (83 %), but half did not have a mental health diagnosis. Only 24 % had a mental health diagnosis in the 4-week period prior to death. Medical specialty and primary care visits without a mental health diagnosis were the most common visit types. The individuals more likely to make a visit in the year prior to death (p<0.05) tended to be women, individuals of older age (65+ years), those where the neighborhood income was over $40,000 and 25 % were college graduates, and those who died by non-violent means. CONCLUSIONS: This study indicates that opportunities for suicide prevention exist in primary care and medical settings, where most individuals receive services prior to death. Efforts may target improved identification of mental illness and suicidal ideation, as a large proportion may remain undiagnosed at death.
INTRODUCTION
Suicide prevention is a public health priority. Suicide is the tenth leading cause of death in the US, and the number one cause of injury-related death-recently surpassing mortality due to motor vehicle traffic accidents. 1, 2 Suicide accounts for the loss of nearly 37,000 American lives each year according to the Centers for Disease Control and Prevention, 1 and there is evidence that the suicide rate has not improved over time. 3, 4 However, research suggests that suicide is potentially preventable. [5] [6] [7] This research, and growing national concern, led to the development of a national strategy for suicide prevention. 5 A joint report published in 2012 by the United States (US) Surgeon General and the National Action Alliance for Suicide Prevention (NAASP) outlined a set of ambitious goals and objectives to reduce suicide in the US. 5 As part of this strategy, the research task force is working with the National Institute of Mental Health on a specific research agenda to reduce suicide mortality by 20 % in the next 5 years. 5, 8 For suicide prevention efforts to be effective, accurate identification of those at risk is required. Unfortunately, this has been difficult. A limited evidence base to inform suicide prevention has made it hard to design, implement, and target interventions for those at greatest risk. 9 The US Preventive Services Task Force has stated that there is not enough information available to recommend screening for suicide in primary care. 10, 11 Previous research indicates that many individuals utilize health services, particularly in primary care, prior to suicide. 12, 13 For example, Ilgen et al. found that over half of male veterans with substance use disorders used Veterans Health Administration services in the year before death, with most visits occurring in general medical settings.
14 Nonetheless, this study and others have either been conducted outside of the US or have relied on small or non-representative samples. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Analogous data are not available for the US general population. Understanding utilization patterns and where to target prevention efforts is limited. This information is sorely needed to optimize the identification of those at greatest risk for suicide and to help suicide prevention efforts be more successful. With this information we may achieve the national goal of reducing suicide by 20 % in 5 years.
The current study used data from a large and representative population in the US to examine use of health care in the year prior to suicide death. The following questions were addressed: All HMORN sites maintain a Virtual Data Warehouse (VDW) consisting of electronic medical record (EMR) and insurance claim data for their enrolled members. 24, 25 Data on encounters, pharmacy fills, diagnoses, medical tests, and demographics are organized using the same definitions across sites and are quality checked locally. These data are matched to official regional mortality records using Social Security Numbers or patient names, birthdates, and demographic profiles.
In the current study, data were extracted from the VDW on all suicide deaths using International Classification of Diseases, 10th revision (ICD-10) codes ranging from X60 to X84. 26 These codes were stratified into violent (X70-X84), and non-violent (X60-X69, X84) causes. There were 5,894 suicides captured across all sites from 2000-2010. This sample accounts for 1.6 % of the 367,403 total suicides that occurred in the United States during the same period (http://www.cdc.gov/nchs/deaths.htm).
VDW data were extracted for all visits for each individual in the year prior to death. These data were categorized into subgroups of utilization by outpatient, inpatient, and emergency visits, as well as primary care, specialty chemical dependency mental health services, and medical specialty services. International Classification of Diseases, 9th revision (ICD-9) codes were linked with health system encounters, which allowed the categorization of visits by diagnosis. 27 ICD-9 codes were grouped as follows: mental health (293-302.9 or 306.0-316), chemical dependency (291-292.9 or 303.0-305.9), and other.
Demographic information on age, sex, and insurance were available from the VDW. For each person, estimated neighborhood income and education were calculated using patient addresses and census block data. Race/ethnicity data were not available for several sites prior to 2008; thus, this variable was not included. Preliminary data comparisons across sites were made to investigate possible variation and to ensure data accuracy before creating aggregated estimates. This comparison found very little site variation in the patterns of service contacts prior to suicide and in the rates of psychiatric diagnosis, supporting the stability of the aggregated estimates. These data are available upon request.
Statistical analyses began with aggregated descriptive characteristics of suicides stratified by study covariates. A cumulative utilization curve was generated to examine weekly use of health services in the year prior to death, by utilization category. Chi-square tests were used to compare utilization in total and by category, within 4 and 52 weeks prior to death, by the main covariates. For the 4-week analysis, HMO enrollment interval was used as the denominator. Thus, those who were not members of the HMO during that 4-week period were not included. The 52-week analysis used total deaths as the denominator, since all individuals were enrolled in the HMO for a portion of the year. Table 1 , there were 5,894 suicides identified from 2000-2010. These individuals were enrolled in the health plan during the year before suicide. Enrollment was over 83 % during each weekly interval throughout the study. The largest number of suicides occurred among men (n=4,534, 77 %) and individuals aged 40-64 years (n= 2,746, 47 %), those with a neighborhood annual income of at least $40,000 (n = 4,088, 69 %), a neighborhood education completion level of less than 25 % college graduates (n=3,002, 51 %), and commercial insurance (n= 3,991, 68 %). Individuals most often died by violent (n= 4,664, 79 %) means. The proportion of total suicides by cause was as follows: 1) Violent-Firearm (48.6 %), Hanging (22.0 %), Jumping (3.6 %), Sharp/Blunt Object (2.0 %), Drowning (1.6 %), Other (1.5 %); and 2) NonViolent-Self-poisoning (20.2 %), Other (0.6 %).
RESULTS

As shown in
The cumulative utilization curve shown in Figure 1 depicts the aggregated rates of weekly health care utilization, by type, for the year prior to death. Approximately 22 % (n=1,311) of individuals used any services in the week before death. Less than 10 % used any specific type of service during this period. Primary care and medical specialty visits without a mental health diagnosis were most common in the month prior to death. From four to twelve months prior to death, primary care visits without a mental health diagnosis were most common.
Nearly 50 % (n=2,844) of enrolled HMO members (n= 4,988 or 85 % of total deaths) made a health care visit within 4 weeks of death (Table 2) . Women (59 %), older adults (65+ years old, 67 %), and those who died by nonviolent means (54 %) were most likely to make a visit during this period (p<0.05). Individuals with a census block-estimated education of at least 25 % college graduates (51 %) and annual income of at least $40,000 (52 %) were more likely to make any visit (p<0.05). Only 24 % (n=1,189) had a visit coded with a mental health diagnosis in the 4-week period prior to death. The types of utilization most prevalent during this period were medical specialty (n=1,201, 25 %) and primary care visits (n= 1,047, 21 %) without mental health diagnosis.
In Table 3 , 83 % (n=4,873) used any health services in the year before death, with approximately 45 % (n=2,662) of individuals receiving a mental health diagnosis. In the year before death, most individuals made primary care (n= 3,780, 64 %) and medical specialty visits (n=3,543, 62 %), but did not receive a mental health diagnosis. Both of these visit types were substantially more common than emergency visits without a mental health diagnosis (n=2,130, 36 %) and outpatient mental health specialty visits (n=1,722, 29 %), which were the next most common types. For each visit type (inpatient, outpatient, emergency, primary care), at least half did not include a mental health or chemical dependency diagnosis. Similar to the 4-week interval, visits were most common among those representing the following categories (p<0.05): women (89 %), older adults (95 %), and those who lived in neighborhoods with higher estimated education (84 %) and income levels (84 %). Again, visits were more common by those who died by non-violent means (89 %). The oldest age groups made primary care visits more frequently than the younger groups (≤ 19 year=40 % ; ≥65 year=87 %), but those under 65 were more frequent users of outpatient mental health care.
DISCUSSION
Using data from the largest geographically diverse sample of US general population members to date, this study shows that the majority of those who died by suicide received health services in the year prior to death and half made a medical visit within 4 weeks. The relative frequency of visits differed markedly by sex and age, with women and older adults most likely to have medical encounters. Our findings are consistent with a systematic review, which found that, on average, 45 % of individuals had contact with primary care within a month before suicide, and visits were more common among older adults. 12 This study and others point to the importance of outreach efforts, especially to men and younger/middle age groups, while taking advantage of existing visits to identify risk. 28 The results have other important implications for targeting suicide prevention. While the highest risk for suicide is following a psychiatric hospitalization, 29 the attributable risk is smaller since few individuals have a psychiatric hospitalization before death. More than 85 % of individuals who died by suicide did not have this experience, and only 5 % within 4 weeks of death. Alternatively, over 60 % of individuals made primary care and medical specialty visits without mental health diagnosis in the year before death (over 20 % for each within 4 weeks of death). Since most individuals ordinarily make these types of visits, the risk of suicide may be lower among this group of service users. However, in order to reach the largest number of health service users before suicide, prevention efforts need to extend into primary care and other medical specialty departments.
While prevention models have been developed since the 1990s, they have not been widely adopted in primary care. 6, 13, 30 There is more promise for future success, though, as health systems implement comprehensive EMRs. 31 Using EMRs, providers can be prompted to screen for suicide and can be alerted regarding possible risk. Instead of completing patient history paper forms in waiting rooms, patients can also access their record online or be asked to use a kiosk in the waiting area to complete screening before appointments, thus increasing screening rates. This information is presented via the EMR to providers prior to and during each visit to aid with diagnosis, treatment decisions, and tracking outcomes. 32 Using available screening and clinical data, the EMR can automatically calculate which individuals are most at risk and provide clinical decision support. EMRs can be shared across providers and networks, improving opportunities for care coordination. 33 EMRs are useful to provide treatment engagement information. They can link to pharmacy fill records to inform providers about whether patients have filled prescribed medications. 34 Using appointment scheduling systems within the EMR, providers can determine whether patients are attending psychotherapy or other follow-up appointments. EMRs are being implemented all over the health care industry to meet requirements for the Affordable Care Act and other federal policies. 35 EMR systems are already in use at all of the health systems in this study.
Suicide assessment was also listed as a 2011 National Patient Safety Goal by the Joint Commission, thus making it a priority for accredited hospitals. 35 Screening in primary care has shown effectiveness for risk detection, but there is a dire need to improve screening rates. 6 The Columbia Suicide Severity Rating Scale or the ninth item of the Patient Health Questionnaire (PHQ-9) are easy-to-use, brief, and effective measures for identification. They can be administered by a nurse or medical assistant in the office. 36, 37 Positive suicide screens can initiate conversations about suicidality between the health provider and patient, and should prompt psychiatric evaluation and follow-up. 38 Another important finding from this study is that a mental health diagnosis was absent in over half of all individuals in the year before death and approximately 75 % in the 4 weeks before death. Mental health diagnosis was even less common among disadvantaged groups with lower levels of education and income. Furthermore, over three-fifths of individuals had a primary care or medical specialty visit without a mental health diagnosis in the year before death. We were not able to determine whether a mental health condition was detectable and not recognized at these visits, if one was recognized and not documented, or if one arose during the time after the visit. Since psychological autopsy studies demonstrate that over 90 % of those who die by suicide have mental health problems, 39 it suggests that many individuals were afflicted at death, but their conditions were not documented. This is not surprising, as estimates suggest that it takes a median of 8 years between the onset of mental health conditions and receipt of first treatment. 40 Future research may examine medical chart notes for any signs of undiagnosed mental health concerns.
These findings do indicate that mental health and suicide risk may need to be assessed more thoroughly, especially in general medical settings. By detecting mental health more effectively, we may be able to begin treatment earlier and prevent many suicides. The first step of this process is underway at many health systems. They have begun to integrate mental health services into primary care using screening instruments for depression and alcohol and drug [41] [42] [43] However, mental health screening is not common across all systems or providers. 44 It is important to note that the US Preventive Services Task Force (USPSTF) recommends screening for depression only when a system is in place to provide effective care for those identified. 45 Those providers who do not meet this recommendation should consider developing a system to address mental health concerns. This process may be among the greatest challenges to optimizing suicide prevention efforts. Mental health services systems may be modeled after those developed by While et al., Coffey, and Knox et al. 28, 46, 47 Each of these systems demonstrated reductions in suicide rates after implementing mental health and suicide prevention strategies. Hallmark characteristics of these systems include using assessment and clinical information to provide clinical decision support, using suicide surveillance systems, integrated care across providers, improved access to care, and a culture in which providers are committed to suicide prevention.
More effort may be needed to train and support providers on the identification of suicide and treatment of mental health. A recent study found that a substantial number of primary care physicians would not screen for suicide even if they suspected that a person met criteria for depression. 48 One problem may be the low level of competence and training in suicidality that medical providers report. 49 Nonetheless, research shows that physicians who receive training feel more competent working with individuals at risk for suicide and are more likely to screen for and treat suicidality. 49, 50 Training should include information on use of screening tools and appropriate processes for positive screens, including the best care pathways given the level of risk. Other factors that limit expanded suicide assessment include the complexity of patients' symptoms and conditions, competing demands for providers, and lack of engagement in treatment among patients. 51 More research is needed to optimize health care processes and workflows to mitigate these barriers.
This study has limitations. First, race/ethnicity was not investigated, since many sites did not collect self-reported race/ethnicity data until 2008. Second, all individuals were not enrolled in the health plan for the entire 12 months prior to death. Utilization that occurred outside of the system during a non-enrolled period was missed. Nonetheless, enrollment was over 83 % for each weekly interval. Future research may compare data from this sample to those who did not die by suicide. Third, mental health concerns may have been assessed during some visits, but a diagnosis was not documented. While there was little variation in diagnoses across sites, rates may vary in other locations. Fourth, while our sample is large, it represents~1.6 % of all suicides that occurred in the United States during the same period and does not represent geographic areas not in the sample. Furthermore, all individuals in this study had health insurance (commercial, Medicaid, or Medicare), and were patients in well-resourced health systems. Our findings may not represent those who are uninsured. Nonetheless, our data showed remarkable consistency across sites, strengthening generalizability. Finally, suicides may have been under-reported, as they are coded conservatively in official records. 52, 53 In conclusion, this is the largest investigation of suicide and health services utilization to date, across eight states, with consistent and therefore generalizable results. As such, this study provides important information to help target future prevention in order to achieve the goals set forth in the joint 2012 national strategy report. A large proportion of individuals have health system contact in the year before suicide, but a mental health diagnosis is often not documented. Thus, greater efforts should be made to assess mental health and suicide risk. Most visits occur in primary care or medical specialty settings, and suicide prevention in these clinics would likely reach the largest number of individuals.
